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ABSTRACT

The aim of the article was to present selected methods for the production of layered composites in
the aspect of the additive in the form of polyester-glass recyclate. The polyester-glass recyclate was
obtained from the original composite material from which the ship’s hull was made in Poland in
the 1980s. The article presents the technology of processing polyester-glass waste in order to obtain
recyclate. The methods of manual lamination, vacuum bag method and vacuum infusion were described
successively. The advantages and disadvantages of particular technologies have been presented in
terms of the possibility of their use in the production of polyester-glass recycled composites. From
the described and verified technologies, the vacuum bag method can be the most advantageous for
composites with recyclate.

Key words:
composites, manual lamination, vacuum bag method, vacuum infusion.

Research article

© 2018 Katarzyna Panasiuk

This is an open access article licensed under the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

63


mailto:k.panasiuk@wm.am.gdynia.pl
http://creativecommons.org/licenses/by-nc-nd/4.0/

Katarzyna Panasiuk

INTRODUCTION

In Poland and in the world, the number of post-production and post-use
waste increases with the products made of polyester-glass composites. Glass-fiber
reinforced polyester laminates serve as structural material in shipbuilding (e.g. hulls
of vessels, superstructures), in railways, automotive (e.g. car body and interior ele-
ments, train roofs, cisterns) or aviation (e.g. aircraft hulls, tanks fuel, end of beaks
and ballasts), which further increases the number of waste. The wide use of these
materials in the economy makes it necessary to develop appropriate methods for
the utilization of both types of waste. There are many methods for recovering glass
fibers from waste, which can then be used as full-value components, substituting
some of the reinforcement phase in new composites with waste [4, 8]. Continuous
progress in the recycling of composites, materials that in the past were considered
unfit for re-use, encourages the search for ever new, more perfect methods of waste
management.

The production of plastics increases with GDP. More sustainable composite
production models and better waste management — in particular higher recycling
rates — offer great resource saving potential. At the same time, they would help in
reducing the transport of raw materials as well as greenhouse gas emissions. The re-
source savings can be significant. Plastics are produced almost exclusively from crude
oil and currently their production accounts for 8% of world oil production, of which
4% is used as raw material, and 3-4% as energy for manufacturing processes [1].
Research shows that recycling plastics and saving materials affect the impact of cli-
mate change, reducing abiotic resources and eco-toxicity of freshwater. Increasing
the material efficiency for composites would have the greatest contribution to re-
ducing environmental impact [15].

The technology of composite production with the addition of polyester and
glass recyclate is not a matter of course. The use of recyclate as part of the reinforcing
phase has an impact on the manufacturing process. The variety of methods used to
make composites, as well as research to develop new composite materials may con-
tribute to the fact that in the future most of the so-called traditional materials in indus-
try, construction, sports or everyday life will be replaced by composites.

Taking into account the mechanization of manufacturing processes, efforts are
being made to use more and more modern methods. This article presents the method
of preparing polyester and glass recyclate, as well as technologies for the production of
composites with its addition.
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PREPARATION OF POLYESTER-GLASS RECYCLATE

The composite material from which the ship’s hull was made in Poland in
the 1980s, obtained a fragment of polyester-glass scrap. It was a technological waste
obtained during cutting out openings for new equipment on the unit. The scrap was
pre-crushed with a hammer and then crumbled on a specially prepared station (fig. 1)
for processing plastic waste (the so-called crusher). After crushing, the waste was
sieved on a sieve with a sieve eye diameter of 1.2 mm and 3 mm to obtain a recyclate
that served as a filler added to the matrix of the composite. Fig. 2 shows recycle after
sieving on a sieve with a diameter of 1.2 mm and 3 mm. Preparation of a recyclate of
such granulation is a quite complex process and strongly affecting the environment
— a large amount of highly irritating dust is formed. Therefore, the process of pre-
paring the material for the study required appropriate equipment and protections.
In the laboratory of Department of Engineering Sciences of the Gdynia Maritime Uni-
versity, a concept was developed and a stand for grinding plastics was obtained [7].

Fig. 2. Material sieved on a sieve, granulation: 1-1.2 mm, 2-3.0 mm
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MANUFACTURE TECHNOLOGIES FOR COMPOSITES

An important role in the process of making composites is the selection of
appropriate technology, guaranteeing the product with the best performance, good re-
peatability and taking into account economic considerations — profitable. The cheapest
and most frequently used technology for the production of polymer composites is
the contact lamination method. Currently, more and more often automated technolo-
gies for the production of polymer composites are used, such as vacuum bag and in-
fusion, which guarantee better quality and repeatability of products [2, 6].

In order to make composites with polyester-glass recyclate, a mat with random
fiber direction was used as reinforcement. The advantage of using this type of rein-
forcement is comparable properties in different directions. The basis was Polimal
1094-AWTP resin. Polimal 1094 AWTP-1 is a structural resin, medium-elastic, orthoph-
talic, accelerated, with low styrene emission and a colored hardening index system [14].
Tab. 2 shows the properties of the selected polyester resin.

Tab. 1. Properties of glass mat used in the production process [3]

Density | Strength of material, Rm | Young modulus, E | Elongation after tearing
kg/m3 MPa GPa %
2550 2900 73.5 3.37

Tab. 2. Properties of Polimal 1094 AWTP polyester resin [14]

Test parameter / standard Unit Value
Viscosity, at 20s-1 (IS03219), 23 °C mPa s 300-450
Gel time, at 25 °C .
by ISO 2535 minut 19-26
Flexural strength, min
by ISO 178 MPa 110
Tensile strength, min
by SO 527-2 MPa 70
Young modulus
by 1S0 527 MPa 4300
Tension extension o
by ISO 527 % z
Thermal resistance (HDT) oC 63
by ISO 75
Manual lamination — hand lay-up

The simplest method of forming composite elements is manual lamination.
[tinvolves laying the reinforcement in the form (subsequent values of the glass mat)
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and saturating it with resin using rollers, brushes, etc. Depending on the amount of
hardener and accelerator after saturating the resin gels, crosslinks and then cures.
Since the resin is applied to the mold in a liquid state at the same time as the rein-
forcement, this method is called the ‘wet’ lamination method.

In the manual method, fibers in the form of mats and fabrics or a combination
of both materials are laid in the form of wide (1-2.5 mb) reinforcement strips unwound
from the roll. The efficiency of laminate production in this technology varies from 4 kg/
working hour of the product with complicated and small details up to 20 kg/working
hour with large and simple elements [13].

In order to make a composite with polyester-glass recyclate, it was necessary
to prepare the form using a separator in the form of, for example, wax. The next step
was verification of the percentage of resin (64%), mat (26%) and recyclate (10%), in
order to filter the entire mat and obtain the material with the best properties (10 layers
of mat). After lamination attempts, the above % content proved to be the most advanta-
geous. In the case of manual lamination, it is difficult to obtain a material with a higher
reinforcement content in relation to the matrix. The recyclate was mixed with the resin
to obtain a material with comparable properties, and then the hardener was added.

The manual laminating method requires proper verification of resin curing
time, an appropriate number of trials should be carried out with different content of
hardener and accelerator. When adjusting to the instructions (1%/kg), the average
gel time is 19-26 minutes, filtering the small form is not a problem. In a situation
where we deal with a larger element, it is worth considering the amount of hardener.
The advantage of this method is the gelation and crosslinking time itself, which can be
lengthened at will. In addition, the tooling itself is not demanding. In the production
of recycled composites, there were no major problems in the production of this type
of material, for example combining a recycled resin, as well as filtering the glass mat.

Fig. 3. Composite with recycled polyester-glass during manual lamination
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Fig. 4. Composite after manual lamination

Vacuum Bagging method

Using the manual laminating method, defects can not be avoided, such as the air
pore between the laminate layers and in the laminate itself. We obtain a better effect by
removing air before the resin cures. This process is called deaeration. The use of negative
pressure allows us to create a pressure which, by balancing the stress of the reinforce-
ment fabric, allows the subsequent layers of the laminate to adhere better to each
other and the mold, as well as getting rid of the air. In addition, if we apply a vacuum
before the resin begins to gel, we can suck off excess non-crosslinked resin, thanks
to which we will obtain a material with a higher content of reinforcement in the com-
posite, which is tantamount to an increase in strength properties. The vacuum bag
method ‘forgives’ also shortcomings in the lamination, such as inaccurate filtration
of subsequent layers [13].

With the vacuum bag method, the same is done as with manual lamination, but
before we put the gelcoat, we should cover the surface with butyl tape. After the ele-
ment is laminated, a series of activities are performed, the separating foil is applied
to the laminate, and then the draining fabric, so-called Breather (fig. 5). The vacuum
system is then connected until it cures.

The percentage of reinforcement in relation to the carcass, with the vacuum
bag method depends largely on the amount of hardener. It affects the time of gelation,
crosslinking and subsequent curing. The vacuum bag method, due to the use of manual
lamination in the process, seems to be equally beneficial considering the addition of
polyester-glass recyclate. Additionally, thanks to the use of a vacuum, it is possible
to obtain relatively better strength properties. With the vacuum bag method, in ad-
dition to the standard equipment for manual lamination, first of all a vacuum pump is
required, besides a separating film, Breather drainage foil, vacuum foil, butyl tape, etc.
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Fig. 5. Scheme of vacuum bag technology [13]

[nitial research on the use of the vacuum bag method for the production of
recycled composites with the same polyester resin and glass mat [resin (64%), mat
(26%) and recyclate (10%)], shows a slight increase in strength properties (fig. 6),
in the range of approx. 4.5%. In the case of composites without recyclate, an increase in
properties by approx. 13% was obtained. The time of crosslinking has a huge in-fluence
in the application of this method for the production of recycled composites — the longer
itis, the more likely it is to obtain a composite with a lower percentage of the matrix
— more reinforcement. This allows you to obtain a material with better properties.

0.16
0.14
012
0.1
0.08

0.06 1 4.51%
0.04
0.02
0

13.61%

0% 10% 1.2

Fig. 6. Percentage increase in strength properties of composites without recyclate (0%)
and with 10% content (10% 1.2) made by the vacuum bag method in relation to manual lamination
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Vacuum Infusion method

Vacuum infusion is gaining increasing popularity, because it allows to obtain
very high strength parameters of the composite (reinforcement content 50-60%).
This method is used in the manufacture of e.g. hulls of large sailing yachts, wind tur-bine
blades. It is based on the arrangement of the next layers of reinforcement on the form
covered with a separator, taped with butyl tape. In contrast to the vacuum bag method,
a special mesh is placed between the separating and draining fabric, thanks to which
the resin evenly spreads the mat layers. After preparing all the layers, unfolding the in-
stallation, sealing the bag and pumping out air, the resin is injected. As with the vacuum
bag method, the amount of hardener is very important so that the entire reinforcement
layer can be filtered [13].

1 Waterproof barrier
2 Resin

3 Material (Fiberglass | Carbon)
4 Core Material (Soric)
¢ 5 Material

w

* L g

Mold  Vacuum pump

Fig. 7. Scheme of Vacuum Infusion [11]

The biggest advantage of vacuum infusion is to increase the share of reinforce-
ment, remove excess resin, eliminate air pores and voids, as well as reduce the emission
of styrene. The infusion technology as well as the vacuum bag method allow for the re-
moval of shortcomings in manual lamination [10]. One of the disadvantages of the infu-
sion is leaving areas not included in the element, e.g. when the gelling time is not
properly selected and the resin will mesh before the whole of the area is filtered or
drained and the possibility of discharging air from it is closed [5, 9]. Therefore, ex-
perience is required to make composites with this technology. In addition, if you
want to make composites with polyester and glass recycled problems may arise, re-
inforcement for recycling may turn out to be a kind of filter. It is also worth mentioning
the requirements of this method in terms of instrumentation and materials, as in the case
of the vacuum bag method.
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Fig. 8. Cruiser yacht during Vacuum Infusion [12]

CONCLUSIONS

The condition for obtaining a composite with the best strength properties is
the proper connection with one another, by means of a matrix, of reinforcement in
the production process. The greater the volume ratio of the reinforcement in the compo-
site, the better the strength properties of the material. This is one of the basic criteria
when assessing the suitability of technology for the production of polymer compo-
sites, of which there are a lot — from technologies completely dependent on the human
factor (manual) to almost completely independent (automated) [13].

Manual lamination using the contact method is a technology that is not very
demanding when it comes to materials and tooling, and does not require experience.
A glass-polyester recyclate as a material combined with a resin, does not affect the manu-
facturing process, it is not a problem. By insight into imperfections in the manufac-
turing process, such as air bubbles, as well as reinforcement content in relation to
the matrix, strength properties leave much to be desired.

In the vacuum bag method, appropriate equipment and materials are already
necessary, as well as experience in making composites using this method. The use of
polyester-glass recyclate, as in the case of laminating, has no effect on the production.
Thanks to the use of a vacuum bag and suction of excess resin, it is possible to obtain
a composite with much better strength parameters. However, knowledge about
the amount of hardener is very important here to optimize the gelation time. Prelimi-
nary studies have shown a slight increase in strength properties for recycled compo-
sites, but with optimized crosslinking time, satisfactory results could be obtained.
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Infusion is a method that is getting more and more popular in Poland and
around the world. Thanks to this method, a product with better quality and lower
mass is gained, and the technology itself is clean and environmentally friendly, by
reducing the emission of styrene. As in the case of the vacuum bag method, the tooling
and materials play a significant role, experience is not necessarily. Once properly de-
veloped technology, i.e. the right amount of hardener and time of gelation, to the size
of the element, can be used for a long time. Unfortunately, it is likely that the production
of polyester-glass recycled composites with granulation of 1.2 mm and 3 mm may be
impossible, by the behavior of the glass fiber like a filter.

Considering the technologies analyzed in this paper for the production of
polyester-glass recycled composites, the vacuum bag method seems to be the most
advantageous. It is successfully used in the automotive industry for the production
of yachts and motorboats. The addition of polyester and glass recyclate for the pro-
duction of new composites can have a positive impact on the recycling of composites
in Poland and around the world. The article is a prelude to research on composite
materials with the addition of polyester-glass waste.
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ANALIZA TECHNOLOGII
WYTWARZANIA KOMPOZYTOW
Z RECYKLATEM POLIESTROWO-SZKLANYM

STRESZCZENIE

Celem artykutu byto przedstawienie wybranych metod wytwarzania kompozytéw warstwowych
z dodatkiem recyklatu poliestrowo-szklanego. Recyklat poliestrowo-szklany zostat otrzymany z orygi-
nalnego materiatu kompozytowego, z ktérego wykonany jest kadtub statku wyprodukowanego
w Polsce w latach osiemdziesiatych XX wieku. Przedstawiono technologie przetwarzania odpadéw
poliestrowo-szklanych w celu otrzymania recyklatu. Opisano kolejno metody laminowania recz-
nego, metoda worka prézniowego oraz infuzji prézniowej na podstawie wtasnych badan. Scharak-
teryzowano zalety oraz wady poszczegdlnych technologii pod katem kompozytéw z recyklatem
poliestrowo-szklanym. Z opisanych i zweryfikowanych technologii najkorzystniejsza dla kompo-
zytoéw z recyklatem wydaje sie metoda worka prézniowego.

Stowa kluczowe:

kompozyty, laminowanie reczne, metoda worka prézniowego, infuzja prézniowa.
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